Quantum spin Hall (QSH) insulators are materials that feature an insu
systems using stacks of layered materials.
The QSH state has first been realized experimentally, at cryogenic temperatures, in HgTe quantum wells 11 . Interestingly, the prototype QSH insulator is actually graphene, when it was realized by Kane and Mele that its Dirac quasiparticles are gapped and characterized by a Z 2 topological invariant if spin orbit coupling (SOC) is considered 7;8 . However, the low SOC in graphene results in a gap of only a few µeV, making its topological properties a mere theoretical curiosity. To realize a KaneMele insulator, a material is needed with the honeycomb lattice of graphene, but having large SOC 7 . In the last few years there has been a tremendous effort to find a layered material conforming to these requirements. From the point of view of applications, the candidate material forming this "heavy metal graphene", should Furthermore, Pt 2 HgSe 3 is predicted to not only be the long sought after Kane-Mele insulator, but in the single layer the topological properties could be tuned by electric fields 9 . Additionally, by placing it on the surface of a high T c superconductor it could be a platform for realizing Majorana zero modes 14 .
Within our experiments Pt 2 HgSe 3 has proven to be stable under ambient conditions, on a timescale of months to a year, either as bulk or exfoliated crystals with a thickness down to a few nm. This is no surprise since jacutingaite is a mineral 5;6 , therefore it should be stable not just under ambient but at pressures and temperatures relevant to geological processes.
The sample we investigated was grown synthetically, as described previously 5 .
We have checked the atomic structure and chemical composition by X-ray diffraction and wavelength-dispersive X-ray spectroscopy. For preparation and characterization details, see Supplementary section S1. Additionally, we have measured and calculated the Raman spectrum of bulk crystals, see Supplement S2. In the following we focus on STM measurements of exfoliated crystals on a gold surface. The measurements were carried out in UHV at a base pressure of 5×10 −11 Torr and a temperature of 9K.
Jacutingaite is a ternary compound having a "sandwich-like" structure reminiscent of transition metal dichalcogenides, with a platinum layer between selenium and mercury. It can be regarded as "heavy metal graphene", since states around the SOC induced gap are localized on the honeycomb lattice formed by Pt and Hg atoms (see bottom inset in Fig. 1a ) 9 . Indeed, in the absence of SOC these bands give rise to a Dirac cone at the K points of the Brillouin zone (see Fig. 1b ).
The atomic resolution STM images of the basal plane reflect this honeycomb structure, for an example see From the dI/dV measurements we can also see that the measured sample is heavily n doped. In case of the measured curve in Fig. 1c , the Fermi level marked by zero bias is shifted above the conduction band, leaving the band gap at -1.15 eV. A possible source of the high n doping might be defects in the crystal (see Supplement S4).
According to our DFT calculations, the most energetically favorable defect, a Hg vacancy induces n doping in the material.
Having established the location of the band gap in the dI/dV spectra, let us focus on investigating the presence of the predicted QSH edge states 9 . In Fig. 1d configuration that shows the hallmark edge state above the conduction band and is energetically stable is a Se terminated zigzag edge (see Fig. 3 and Supplementary   S5 ). We used this edge configuration to calculate the characteristics of the edge state.
In the following we examine in more detail the increased LDOS near the monolayer step edge. In Fig. 2a we show an image of the dI/dV signal within the gap along an edge shown in Fig. 2c . An increased dI/dV signal indicates an increased LDOS near the step, highlighted between black dotted lines. The decay of the edge state into the bulk is found to be of the order of 5 Å, in agreement with prediction 9 . Taking a section between the dotted black lines (Fig. 2f) , one observes that the edge LDOS is only modulated by the atomic periodicity, as expected for a topological edge state 38;39 .
A further hallmark of topological edge states is that the state is not perturbed by the presence of a defect, visible in the top left area of Fig. 2c . If backscattering would take place due to the defect we would expect a periodicity of 13.1 Å related . This is due to a larger n doping of the top layer.
to intra-band scattering 38 , which is clearly absent in our measurements. In Fig. 2a, we also observe a large dI/dV signal on the bottom atomic layer, to the left of the step. The increase is also visible following the evolution of the dI/dV spectra along the step shown in Fig. 2h and is a result of a band shift at the edge stemming from a larger n doping of the top layer. As expected, by changing the bias voltage to be outside the gap within the conduction band the overall dI/dV signal increases, but the edge state disappears (see Fig. 2b ). Finally, comparing the dI/dV images with the calculated LDOS map inside the topological gap (Fig. 2d) and of the complete valence band (Fig. 2e) , we find that there is good agreement with the measurements.
The calculated LDOS maps reproduce both the atomic periodicity along the edge state, as well as its decay length of 5 Å. contributions from all authors.
